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ABSTRACT 
Three projects were conducted studying two species of 
cockroach: Periplaneta americana (L.) and Supella 
longipalpa (F.). The first chapter consists of the 
development of a marking technique and the assumption 
testing required of mark-recapture studies when population 
density is estimated. Six marking techniques (paint dots on 
the pronotum, internal markers in the diet, external 
fluorescent powders, paper tags glued to wings, holes burned 
into wings, and tags glued through holes burned in wings) 
were tested for mark permanency on S_. longipalpa. The best 
method (tags glued through holes burned in wings) was tested 
against mark-recapture assumptions for both S. longipalpa 
and the American cockroach P. americana. This marking 
technique satisfactorily conformed to some but not all 
mark-recapture assumptions. Less than one percent of 
cockroaches lost their marks under field conditions, and 
when applied with C02 anesthesia, the mark had no effect on 
the probability of recapture or mortality. However, being 
in a trap and satiated with the food bait lowered the 
probability of recapture relative to untrapped individuals 
lacking food and water. Furthermore, while the nymphs and 
adults trapped in equal proportions, "old adults" (10 weeks) 
trapped at a significantly higher rate than did "young 
adults" (2 weeks). Female P. americana were more likely to 
be recaptured than males in field tests. Finally, mixing of 
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released cockroaches back into the population was found to 
be a function of both the size of the area in which the 
population was studied, and time allowed to mix. Only in 
some circumstances was the assumption of complete remixing 
met. 
The second chapter is the application and comparison 
of the mark-recapture method and other estimators of density 
on a population of P_. americana. The population density of 
P_. americana was monitored in a greenhouse for one year 
using glass jar traps, visual survey, mark-recapture, and 
trap removal methods. During the summer months the number 
of cockroaches captured in traps dropped precipitously 
whereas the number counted in visual surveys remained 
unchanged. Mark-recapture estimates of density were 
consistent with the trap removal estimates, corroborating 
the summer decline in cockroach density. Marked cockroaches 
released at the site of capture were recaptured at the same 
site with higher probability than at other sites in the 
greenhouse even after several weeks, suggesting that P_. 
americana exhibits territorial behaviors or occupies a very 
small "home range". 
Finally in a separate project the impact of a 
biological control agent Comperia merceti (Compere) on its 
host S. longipalpa was quantified. The density and age 
structure of a brownbanded cockroach population were 
monitored with baited jar traps over a three year period in 
an insect rearing room. Concurrently, we measured percent 
v 
parasitism by C. merceti in cockroach oothecae taken from a 
laboratory colony and, deployed in the room at weekly 
intervals. Percent parasitism by C_. merceti increased from 
ca. 0% to 70-90% following a rise in the number of 
cockroaches captured in ten traps from ca. 5 to ca. 50 per 
day. Thereafter, cockroach captures decreased sharply 
beginning with the smallest nymphs, followed later by larger 
nymphs and adults. The temporal conjunction of increased 
parasitism with the decline in the cockroach population and 
the change in cockroach age structure strongly suggest that 
C. merceti precipitated the collapse of the population. 
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CHAPTER I 
DEVELOPMENT OF A MARKING TECHNIQUE AND 
EVALUATION OF MARK-RECAPTURE ASSUMPTIONS 
FOR TWO SPECIES OF COCKROACHES. 
Introduction 
Mark-recapture techniques have been widely used to 
study dispersal (Schoof and Siverly 195^; Eads et al. 195^; 
Jackson and Maier 1955; and Ackers and Robinson 1981) and 
estimate the density of domestic cockroaches (Bullow and 
Huggins 1968; Fleet et al. 1978). The types of marks used 
in these studies have included P32 labeled sprays, 
application of paint on the thorax with a brush, spray 
application of rubber- base paint over the entire cockroach, 
adhesive tape tags on the tegmen of adults, and the use of 
genetic markers. 
All mark-recapture studies make certain assumptions 
about the nature of the mark and the behavior of the marked 
individuals (Begon 1979). First, marks must remain intact 
for the duration of the sampling period. Second, being 
caught, handled, and marked must have no effect either on an 
individual’s subsequent chance of capture or of emigration 
or mortality. Third, all individuals must either have an 
equal chance of being caught without regard to sex, age, or 
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physiological condition, or else the different age groups or 
sexes must be treated separately. In addition, 
mark-recapture studies estimating population density assume 
that marked individuals remix uniformly into the population 
before resampling. Finally, the sampling period must be 
short relative to rates of change in density of the 
population under study. 
Although it is difficult to use the mark-recapture 
method without violating some of these assumptions (see Cook 
et al. 1967; Seber 1970; Roff 1973; Burnham and Overton 
1978 for statistical approaches toward assumption 
evaluation), previous applications of mark-recapture 
techniques to insects have frequently made no attempt to 
validate assumptions for the species and marking technique 
under study. The objective of this paper is to develop a 
marking method and to assess the validity of these 
assumptions for two common species of domestic cockroaches: 
the American cockroach, P_. americana, and the brownbanded 
cockroach, S_. longipalpa. 
Materials and Methods 
Rearing Techniques. Laboratory testing of mark-recapture 
assumptions utilized cockroaches maintained in colonies at 
20-25° C, 60% RH, and 16L/8D photoperiod. The colonies were 
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initiated from cockroaches captured on the University of 
Massachusetts campus in 1979 (S_. longipalpa) and 1983 (P_. 
americana). They were kept in aquaria (76 liters) and 
provided with water and a diet modified from one developed 
for Indian meal moths (Silhacer and Miller 1972). Tests 
conducted with S. longipalpa used essentially all laboratory 
reared individuals. Conversely, tests with P. americana 
used wild individuals, of which approximately 30 percent 
were collected with a vacuum cleaner and the remainder in 
glass jar traps. 
Marking and Trapping Techniques. In preliminary tests, we 
evaluated dots of colored paints on the pronotum of S_. 
longipalpa. The cockroaches were anesthetized with C02, 
placed in chilled petri dishes and paint was applied with.a 
fine tipped artist brush. Internal markers such as 
fluorescent water base paint and calaco oil base dyes were 
also examined and were found to be readily ingested by 
cockroaches when incorporated in the diet. External 
applications of fluorescent powders, paper tags attached to 
the tegma with super glue, and wing-mutilation were also 
evaluated. The method finally adopted consisted of 
attaching numbered tags by burning a hole through the tegmen 
with a heated probe and sandwiching the hole between two 
tags coated with 3M contact cement. The cockroaches were 
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anesthetized for 2 minutes with C02 or N2 prior to marking. 
The 2x3mm tag used for the S. longipalpa population was cut 
from light weight tracing paper. The larger body size of P_. 
americana permitted use of a larger tag (3x5mm), cut from 
plastic acetate film, which was waterproof and thus more 
durable in the greenhouse environment where this species was 
studied. 
In all tests, S. longipalpa were collected from 
colonies or traps using soft tipped forceps. P_. americana 
were collected by removing individual shelters within the 
colony, each housing ca. 100-300 cockroaches. The shelters 
were then placed in a small container and flushed for 1-2 
minutes with N2. The cockroaches were then quickly 
transferred to smaller containers using soft tipped forceps. 
In both laboratory and field tests wing-tagged 
individuals (hereafter refered to as '’marked”) were placed 
in jars, supplied with food and water and allowed two days 
to recuperate from the effects of the marking technique 
before release. 
Field Sites. Tests to evaluate mark permanency in the field 
and the remixing of marked individuals into the wild 
population, were conducted in three buildings on the 
University of Massachusetts campus in Amherst. S. 
longipalpa populations were located in a 2.4 x 4.3m fly 
rearing room in Fernald Hall and in a larger room (7x8m) 
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situated in an adjacent building ("Apiary”). The fly 
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rearing room was maintained at 28 C, RH 40-607,, and 
continuous light. Within the "Apiary" , temperature 
fluctuated between 20-25 ° C, and relative humidity and 
photoperiod were uncontrolled. The P_. americana population 
was located in a greenhouse (8x20 m) with permanent tropical 
vegetation. The room was maintained at 24-28° C, high RH, 
and natural light/dark photoperiod. 
The traps were deployed for a sample period that 
varied from 2-7 days depending on the population studied and 
the experimental design. In most studies, however, a 
trapping period of 2 days was chosen as an optimal sample 
interval. Following each sample period, traps were 
examined. The cockroaches were separated into five 
categories: adult males, females, and three classes of 
nymphs arbitrarily defined by body length (large, > 10mm; 
medium, 5-10mm and small, < 5mm) for S. longipalpa and 
(large, > 25mm; medium 15-25mm and small, < 15mm) for P_. 
americana, and the number of recaptured cockroaches was 
recorded. 
Laboratory Tests and Procedures. Assumptions concerning mark 
permanency, the influence of being trapped, handled, and 
marked on the probability of recapture and mortality, and 
whether or not the different life stages and adult sexes and 
ages are equally likely to be captured, were evaluated under 
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laboratory conditions. Tests were performed in confined 
areas ("Arenas”) from which all marked and unmarked 
cockroaches could be recovered at the end of the experiment. 
The "Arena" for S. longipalpa consisted of a wooden 
box divided into four quadrants ca. (60x60x46 cm high) each 
of which contained one (3.7 liter) jar trap. Crumpled paper 
towels in each quadrant served as a daytime refuge and 5cm 
wide strips of glass coated with petroleum jelly were 
attached to the top inside of each quadrant to prevent 
escape. A metal screen lid placed over the entire box 
prevented mixing between quadrants or intrusion of wild 
cockroaches into the "Arena". The "Arena" was situated in a 
rearing room maintained at 25° C, RH 60%, and 16L/8D 
photoperiod. 
The American cockroach "Arena" consisted of a small 
room (2.4 x 2.4 x 2.4m), maintained at 28-30°C, 80-90% RH, 
and 16L./8D photoperiod. Fresh air was circulated by a 
ventilation system equipped with a fan. Escape of 
cockroaches from the room was prevented by an electrical 
barrier surrounding the door opening (Howell et al. 1982). 
Six traps were deployed on the floor at equal distances 
along the wall. 
All tests using adult cockroaches used equal numbers 
of both sexes. Cockroaches of different treatments were all 
marked at the same time to standardize recuperation time. 
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Unmarked individuals used in these tests were also held in 
jar traps supplied with food and water for a two day period 
to duplicate conditions experienced by marked cockroaches 
during recovery. Before each experiment, the "Arenas" were 
cleaned of debris. Once introduced into the "Arena", 
cockroaches were allowed a 1-2 day acclimation period during 
which they had no access to food, water, or bait. Following 
this period, clean freshly baited traps were introduced. 
Mark Permanency. To test the permanency of paint dots on the 
pronotum, ten cockroaches of each stage were marked with 
paint and were placed in a large plastic box (25 x 35 cm). 
They were provided with food, water and refuge and held for 
observation until the cockroaches either molted or died. In 
addition to laboratory tests, mark permanency of paint dots 
was evaluated under field conditions. The loss of painted 
dots was assessed by releasing individuals with double marks 
and examining recaptured cockroaches for individuals that 
had lost one of the two marks. Mark permanency of 
internally fed paints and dyes and externally applied 
fluorescent powders and tags glued to the tegmen were 
evaluated by direct observation under laboratory conditions. 
The tagging procedure finally adopted (tags glued through 
holes in the wing) was evaluated under both laboratory and 
field conditions by comparing the number of individuals 
missing a tag (indicated by the presence of a hole in the 
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wing or by torn wings) against the total number of marked 
individuals recaptured. 
Effect of Mark and Trap. The assumption that individuals 
trapped, handled, marked, and released into the population 
are equally likely to be recaptured as unmarked individuals, 
and to suffer no additional mortality was tested by two 
experiments. One experiment addressed the effect of the 
mark and the other, the effect of being in a trap. 
To test for the effect of handling, anesthesia, and 
marking, 40 unmarked S. longipalpa were removed from 
laboratory colonies and placed in the "Arena” with equal 
numbers of marked individuals that had been anesthetized 
with either C02 or N2. Cockroaches trapped over 2 day 
periods were recovered and the percent captured determined 
for each treatment. Cockroaches dying in each test were 
recorded, and percent mortality calculated for marked and 
unmarked groups. The same experiment was run with P_. 
americana in the appropriate "Arena” using 60 marked 
individuals per replicate. 
In a separate test for S. longipalpa only, the effect 
of being in a trap on the probability of subsequent 
recapture was tested. Forty unmarked laboratory colony 
adults were placed in a trap supplied with food, water, and 
vanilla bait for two days in an "Arena" quadrant. Forty 
control cockroaches were kept in another quadrant without 
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food and water. The treated individuals were then 
transfered from the jars to their ’’Arena" quadrant and traps 
introduced the following day for a 48 h trapping period. 
The number of marked and unmarked cockroaches trapped was 
recorded. 
Equal Trapability. The wing marking technique developed was 
restricted, by necessity, to adult cockroaches. Because 
cockroach adults are relatively long lived [averaging 100 
days for the S. longipalpa (Willis et al. 1958) and 400 
days for P. americana (Gould and Deay 1940)] it was 
necessary to determine if adults of varying ages were 
equally likely to be trapped. Different age groups were 
created by removing large nymphs from the laboratory colony 
at weekly intervals. Adults emerging from each group were 
held for up to 10 weeks in separate containers. Forty 
adults of each age group (2 and 10 weeks) were identified by 
tags and placed in separate quadrants of the "Arena". 
Because few cockroaches were available for this particular 
test, the same individuals were released and recaptured on 
successive replications. 
In addition, the proportion captured for each life 
stage (male, female, large, medium, and small nymphs) was 
determined so that estimates for the nymphal population 
could be derived by extrapolation from estimates of adult 
density and trap catch data on the relative abundance of 
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nymphs to adults. Twenty unmarked individuals of each life 
stage were placed together in each "Arena" and trapped as 
described above. The percent captured for each stage was 
then calculated and compared. 
Remixing. To test mixing of marked individuals into the 
population, cockroaches were sampled repeatedly at each 
study site following release. Traps consisted of a 3.7 or 1 
liter glass jars for S. longipalpa and P. americana 
respectively. Traps were baited with a cotton wick 
saturated with vanilla extract for S. longipalpa and 
artifical banana flavor for P. americana. In addition S. 
longipalpa traps contained with food and water. Escape of 
trapped cockroaches was prevented by a barrier of petroleum 
jelly on the inside shoulder of the jar. The outsides of 
the jars were cleaned with ethanol between sample occasions. 
Ten permanent trapping locations were selected at each site. 
Different release techniques for marked individuals were 
used for each population. P_. americana cockroaches were 
released at the individual trap locations where they were 
captured, while only one release site was used for each S_. 
longipalpa population. In the fly rearing room, it was 
central to all the traps. In the "Apiary", the release 
point was adjacent to one of the walls. The released 
cockroaches were allowed two days to mix with individuals 
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within the population before traps were reintroduced. The 
degree of mixing was determined by comparing the location of 
recapture for each individual against the site of release. 
Results 
In laboratory tests, acrylic paint dots remained 
intact until the cockroach molted or died, but in field 
tests approximately 10 percent of these cockroaches lost one 
of two painted dots (Table 1). An unknown and possibly 
large percentage may have lost both marks. In subsequent 
preliminary tests it was apparent that other paints 
(enamel,oil) and combinations of paint and glue (white and 
gum arabic) easily flaked off with gentle rubbing. Internal 
dyes were readily ingested but remained visible only 7-10 
days after consumption. Surface application of fluorescent 
powders resulted in mortality levels of approximately 60% 
within two days of application. A lower level of mortality 
might have resulted with lower doses of powder per insect. 
Tags that were directly fixed with super glue to cockroach 
wings were also easily rubbed off. However when wing tags 
were glued together through a hole in the wing, they 
i 
experienced less than one percent loss under field 
conditions (Table 1). This rate of loss was considered 
acceptable for use in mark-recapture studies and 
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Table 1 - Comparison of mark permanency of painted dots on 
the pronotum, and numbered tags in the field or under 
laboratory conditions for S_. longipalpa and P. americana. 
Species and 
Test site 
Type of 
mark 
No of 
cockroaches 
tested 
Percent 
missing 
tags 
Arena test 
S. longipalpa 
Acrylic 
Paint 50 0.00 a 1/ 
Field test 
S. longipalpa 
Acrylic 
Paint 42 9.52 b 
Arena test 
S. longipalpa 
Numbered 
Wing Tag 640 1.25 a 
Field test 
S. longipalpa 
Numbered 
Wing Tag 866 0.81 a 
Arena test 
P. americana 
Numbered 
Wing Tag 710 2.54 c 2/ 
Field test 
P. americana 
Numbered 
Wing Tag 263 0.76 c 
1/ 
Percentages followed by the same lower case letter are not 
significantly different at P < 0.05 by pairwise chi-square 
comparison (with Yate’s correction). 
2/ 
No pairwise tests were conducted between the two species. 
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this was the method adopted in subsequent trials. 
There was no significant difference in the proportion 
of marked vs. unmarked adults of either species captured 
(Tables 2 and 3), with the exception of S_. longipalpa 
females treated with N2 anesthesia (Table 2, P = 0.025). 
Similarly, there were no significant differences in the 
number of dead cockroaches between treated and control 
groups for either species except for P_. americana where the 
mean number of dead in N2 treated males were significantly 
different from both control and C02 treated groups (Tables 2 
and 3). 
A significant difference in the number of cockroaches 
trapped was detected between those that were held in traps 
supplied with food versus those without (Table 4). Fed 
individuals were caught less frequently than unfed (P=0.012, 
Wilcoxon’s signed-ranks test for matched pairs.) 
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Table 2 - Proportion of 40 (20 males, 20 females) S. 
longipalpa that were captured or died following anesthesia 
with C02 or N2 and application of a mark (wing tag) compared 
to unmarked controls in laboratory tests. Mean values are 
computed from eight replications of the experiment. 
MALE FEMALE MALE FEMALE 
C02 Ctrl C02 Ctrl N2 Ctrl N2 Ctrl 
Mean 
Caught 0.40 0.47 0.34 0.50 0.50 0.48 0.33 0.47 
S.D. (0.26)(0.27) (0.15X0.15) (0.29)(0.26) (0.13X0.13) 
Sig.(P) 1/ .176 
.093 .779 .025 
Mean 
Dead 2.63 1.75 1.75 1.50 2.75 2.00 1.25 1.00 
S.D. (1.77) (1.91) (1.91)(1.77) (2.31)(2.07) (0.89)(0.93) 
Sig.(P) 1/ .173 .715 .273 .423 
Wilcoxon signed-ranks test for matched pairs. 
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Table 3 - Proportion of 60 (30 males 3 30 females) F_. 
americana that were captured or died following anesthesia 
with C02 or N2 and application of a mark (wing tag) compared 
to unmarked controls in laboratory tests. Mean values are 
computed from eight replications of the experiment. 
MALE 
C02 N2 Ctrl 
FEMALE 
C02 N2 Ctrl 
Mean 
Caught 0.08 0.06 0.11 0.21 0.13 0.08 
S.D. (0.04)(0.07)(0.12) (0.10)(0.09)(0.11) 
Sig. (P) 1/ .453 .123 
Mean 
Dead 0.00 0.03 0.00 0.01 0.02 0.01 
S.D. (0.00)(0.04)(0.00) (0.02)(0.05) (0.01) 
Sig. (P) 1/ .037 .713 
1/ Kruskal-Wallis nonparametric oneway ANOVA. 
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Table 4 - Proportion captured of 40 S. longipalpa kept in 
glass jar provided with food and water (fed) compared to 40 
S. longipalpa placed in "Arena” deprived of food and water 
(unfed). 
Proportion Captured 
Males Females 
Trial 
No. Fed Unfed Fed Unf ed 
1 0.26 0.56 0.26 0.53 
2 0.44 0.78 0.30 0.50 
3 0.53 1.00 0.32 0.77 
4 0.67 1.00 0.35 0.90 
5 0.37 0.87 0.59 0.82 
6 0.50 1.00 0.50 0.89 
7 0.20 1.00 0.37 0.83 
8 0.56 0.94 0.57 0.81 
Mean 0.44 0.89 0.41 0.76 
S.D. 0.16 0.16 0.13 0.16 
Sig. (P) .001 .004 
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In the laboratory tests no significant differences in 
the proportion of different sexes or life stages captured 
were observed (Tables 5 and 6) (P=0.102, S. longipalpa; 
P=0.103, P_. americana; Kruskal- Wallis one way anova) 
although the trend in the data suggests that a smaller mean 
proportion of medium and small cockroaches were trapped for 
both species. Also in the mark-recapture study in the 
greenhouse, 5^% of marked female P. americana were 
recaptured compared to 32% of males, a difference 
significant at p < 0.005 (using Yate’s corrected chi- square 
comparison). There was no significant difference in the 
proportions of male versus female S_. longipalpa recaptured 
in the "Apiary" or the "Ply rearing room". 
Age difference in adult S. longipalpa also had effect 
on the chance of capture. The proportion of S_. longipalpa 
captured for each age group of a given sex (Table 7) was 
significantly different (P< 0.01 for both males and females 
Wilcoxon’s signed- ranks for matched pairs). 
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Table 5 - Percentage of different adult sexes and 
developmental stages of S_. longipalpa captured over a two 
day trap period. 
PERCENT CAPTURED 
Adults Nymphs 1/ 
Reps Male Female Large Medium Small 
1 22.2 20.0 47.1 10.0 0.0 
2 27.8 21.1 13.3 0.0 0.0 
3 40.0 35.3 31.6 11.1 0.0 
4 23.5 33.3 50.0 23.8 33.3 
5 27.8 42.1 33.3 9.5 18.2 
6 31.3 23.5 0.0 0.0 42.1 
7 5.3 13.3 0.0 5.3 6.3 
8 10.0 5.9 0.0 0.0 5.0 
Mean 23.5 24.3 21.9 7.5 13.1 
S.D. 11.3 12.0 21.2 8.1 16.5 
( 
1/ - Nymphal categories based on size of individual (large > 
10mm; medium 5-10mm; small < 5mm). 
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Table 6 - Percentage of different adult sexes and 
developmental stages of P_. americana captured over a two day 
trap period. 
PERCENT CAPTURED 
Adults Nymphs 1/ 
Reps Male Female Large Medium Small 
1 18.2 21.7 30.8 19.1 0.0 
2 45.0 45.5 33.3 35.0 12.5 
3 16.0 11.5 9.1 13.0 20.0 
4 44.0 40.0 21.1 17.4 0.0 
5 28.1 16.7 18.5 10.0 16.0 
6 0.0 20.0 15.8 10.0 4.8 
7 0.0 4.4 0.0 5.3 0.0 
8 4.6 23.8 31.3 12.5 0.0 
Mean 19.5 22.9 20.0 15.3 8.3 
S.D. 18.3 13.8 11.7 9.1 8.3 
1/ - Nymphal categories based on size of individual (large > 
25mm; medium 15-25mm; small < 15mm). 
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Table 7 - Proportion of 40 adult (20 male, 20 female) S. 
longipalpa captured in laboratory tests for different age 
categories (2 weeks and 10 weeks after ecdysis to the adult 
stage). 
MALES FEMALES 
Reps 2 wks 10 wks 2 wks 10 wks 
1 0.48 1.00 0.81 0.92 
2 0.33 0.74 0.74 0.86 
3 0.21 0.75 0.95 0.85 
4 0.88 0.90 0.86 0.89 
5 0.00 0.26 0.32 0.45 
6 0.16 0.62 0.20 0.52 
7 0.11 0.45 0.65 0.79 
8 0.13 0.16 0.29 0.45 
9 0.06 0.40 0.50 0.38 
10 0.20 0.62 0.31 0.57 
11 0.00 0.45 0.33 0.35 
12 0.20 0.71 0.44 0.44 
13 0.14 0.64 0.46 0.50 
14 0.07 0.09 0.00 0.29 
15 0.13 0.64 0.11 0.21 
16 0.09 0.44 0.18 0.45 
Mean 0.20 0.58 0.45 0.56 
S.D. 0.22 0.23 0.28 0.23 
Sig. (p) < . 001 .006 
Wilcoxon signed-ranks test for matched pairs. 
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Recapture data for S_. longipalpa indicated that 
remixing was dependent on the room size. Individuals 
released in the "fly rearing room" were equally likely to be 
captured in any of the 10 available traps (Table 8). This 
was true both for cockroaches released two days before 
capture, and for those released on earlier occasions. Male 
S_. longipalpa released in the larger "Apiary" room were more 
likely to be recaptured in traps near the site of release 
than in traps on the opposite side of the room until at 
least five days after release (Table 9)* Female S_. 
longipalpa, however, were equally likely to be captured in 
traps near versus far from the site of release. A similar 
failure to remix was observed for P_. americana at the 
greenhouse site (see Chapter II). 
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Table 8 - Mean percent of marked S. longipalpa recaptured in 
traps placed in a fly rearing room distinquished by cohort 
age as the most recently released versus all others. 
Release Cohorts 
Trap Current Others 
Number Male Female Male Female 
1 12.19 
(15.18) 
8.10 
( 9.46) 
3.99 
( 6.67) 
1.90 
( 0.00) 
2 4.00 
( 8.94) 
4.17 
( 8.33) 
3.99 
( 0.00) 
0.00 
( 3.44) 
3 25.00 
(50.00) 
19.78 
(44.22) 
0.00 
( 0.00) 
1.54 
( 3.44) 
4 16.67 
(23.57) 
41.67 
(41.94) 
16.67 
(23.57) 
8.33 
(16.67) 
5 19.44 
(24.22) 
8.10 
(14.44) 
9.03 
(11.87) 
0.71 
( 1.60) 
6 24.38 
(34.96) 
15.07 
(28.95) 
5.25 
( 8.68) 
2.34 
( 3.94) 
7 24.52 
(21.75) 
6.76 
( 9.51) 
0.29 
( 0.64) 
1.43 
( 8.98) 
8 16.29 
(21.07) 
10.78 
(13.43) 
3.04 
( 5.10) 
1.43 
( 3.19) 
9 14.01 
(23.86) 
6.82 
(10.90) 
4.76 
( 4.53) 
22.99 
(43.22) 
10 19.64 
(34.65) 
22.03 
(22.68) 
0.00 
( 0.00) 
9.84 
( 9.49) 
Significance .868 .557 .282 .471 
Kruskal-Wallis oneway ANOVA. 
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Table 9 - Mean percentage of available S. longipalpa 
recaptured per trap site at traps positioned at three 
distances from the release point during three time 
intervals. Data are for S. longipalpa from the most recent 
release cohort. 
Distance Time Since Release (days) 
from 1-2 3-4 5-6 
release Male Female Male Female Male Female 
near 
S.D. 
(2m) 0.16 
(0.34) 
0.02 
(0.08) 
0.22 
(0.40) 
0.08 
(0.28) 
0.10 
(0.30) 
0.10 
(0.29) 
med. 
S.D. 
(2-4m) 0.19 
(0.10) 
0.04 
(0.19) 
0.07 
(0.25) 
0.05 
(0.20) 
0.12 
(0.32) 
0.07 
(0.26) 
far 
S.D. 
(4-6m) 0.05 
(0.18) 
0.04 
(0.19) 
0.06 
(0.24) 
0.07 
(0.26) 
0.04 
(0.15) 
0.04 
(0.19) 
Sig. (P) .028 .913 .030 .853 .549 .621 
Kruskal Wallis oneway ANOVA. 
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Discussion 
Development of a marking method for the two species of 
cockroaches under study was limited by the oily nature of 
their cuticles. No paints or glues tested adheared reliably 
to either wings or pronotum. Application of ’’tags glued 
through wing holes” was time consuming but had the advantage 
that marks were unique and permanent, eliminating the need 
for any remarking of recaptured individuals, thus reducing 
the trauma and chance of death from repeated handling. 
Furthermore, numbered tags permitted recapture data to be 
used with a range of mark-recapture models. 
Tests of mark-recapture assumptions suggest that 
anesthesia was a significant factor affecting the 
probability of recapture and death and that N2 was less 
suitable for use than C02. However, actual mean differences 
were small and may not be of any importance to 
mark-recapture studies. 
The difference we observed between laboratory and 
field studies with regard to mark permanency and differences 
in the recapture rates of males and females deserve special 
note. Under laboratory conditions paint marks appeared to 
hold up well but did not do so in the field. The 
discrepency in mark permanency between field and laboratory 
tests is probably due to the ability of cockroaches in the 
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field to rub against objects not available in the test 
chambers. This emphasizes the need to always consider 
factors that may be excluded from simple laboratory tests 
which might be of considerable significance to wild 
populations. Similarly, laboratory tests indicated no 
differences in male versus female trapping rates. Yet under 
field conditions, marked females did infact retrap more 
frequently than males. This might be explained by the 
differing nutritional requirements of males and females 
(Schal et al. 1983), with females having a higher food need 
than males due to nutrient requirements of oviposition. 
Under laboratory conditions food was abundant and this 
difference was not seen. 
Indeed extremes of hunger-level were an important 
influence on recaptures, as would be expected with food- 
bait trapping. Captured cockroaches held in the trap for up 
to two days with excess food were undoubtedly less hungry 
than untrapped cockroaches and trapped less readily than 
starved cockroaches. The two day remixing period between 
the release and subsequent retrapping was intended to allow 
the hunger level of released cockroaches to return to that 
of the untrapped population. 
Another important influence on recapture rates was 
found to be adult age, with older adults trapping more 
readily than younger ones. This implies that marked 
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individuals would have a higher mortality rate than the 
average population, thus progressively changing the ratio of 
marked to unmarked individuals over a series of sampling 
occasions. This would result in over-estimation of the 
population size and would lower the estimated survival rate. 
Finally, the slowness with which released individuals 
mix into the wild population is a potential obstacle to the 
use of the mark-recapture method for cockroaches. Size and 
physical complexity of the study site will influence this 
problem as will any tendency of cockroaches to occupy small 
home ranges or defend territories. Evidence for such a 
territorial phenomenon in IP. americana is presented 
separately (Chapter II). Mark-recapture, in summary, 
appears compromised for studying cockroach populations by 
several significant failures to fully meet assumptions. 
Further use of this method should pay great attention to 
problems of remixing of marked individuals, and different 
trapping rates for individuals of different ages. C02 is 
recommended over N2 as an anesthesia. 
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CHAPTER II 
COMPARISON OP SAMPLING 
AND DENSITY ESTIMATION TECHNIQUES FOR THE 
AMERICAN COCKROACH (ORTHOPTERA: BLATTIDAE) IN A GREENHOUSE. 
Introduction 
The American cockroach, P_. americana, is a common 
urban pest and a vector of several human pathogens 
(Fischman, 19^3; Ebling, 1975). In addition, P. americana 
is a pest of tropical plants in greenhouses (Roth and Willis 
I960). We studied a population of P. americana in Durfee 
Conservatory, a five room greenhouse located at the 
University of Massachusetts at Amherst. The objectives of 
the study were to measure the population density and the 
movement of a _P. americana population in a greenhouse, using 
both relative and absolute measures of density so that the 
merits and weaknesses of the methods could be compared. 
Changes in cockroach density have been studied through 
the use of relative measures such as trap catch (Robinson et 
al'. 1980), and visual surveys (Wright and Me Daniel 1973) 
and absolute measures such as pyrethroid flushing (Reierson 
and Rust 1977), removal trapping (Kiel 1981), and 
mark-recapture (Bullow and Huggins 19 6 8; Fleet et al. 
1978). Mark-recapture methods have also been used to study 
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dispersal both in municipal street sewers (Schoof and 
Siverly 195^; Eads et al. 195^; and Jackson and Maier 1955) 
and in multiple-unit housing structures (Ackers and Robinson 
1981). 
Materials and Methods 
Site Description. The study site was an 12.2 x 15.3 m 
(’’tropical room”) in a greenhouse on the campus of the 
University of Massachusetts, Amherst. This room contained 
permanently rooted vegetation ranging in size from herbs to 
tropical trees such as banana and various palms up to 8 m 
tall. A shallow pool, surrounded by a central pathway, was 
located in the middle of the room (Pig. 1). The room was 
o 
maintained at 23-27 C, high humidity, and natural 
photoperiod. The P_. americana population in the room, was 
sampled from March 1982 to Peburary 1983. Methods used 
were: 1) visual survey, 2) glass jar trapping, and 3) vacuum 
removal. Results from glass jar trapping were used as a 
relative index of cockroach density. Recaptures of marked 
individuals and the removal of cockroaches provided 
estimates of absolute density through mark-recapture and 
trap removal methods. 
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Figure 
of 
. Floor plan of Durfee Conservatory and the location 
traps used to monitor P. americana. 
JAR TRAPS 
QUADRANT 1 QUADRANT 4 
QUADRANT 3 QUADRANT 2 
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Visual Survey. Visual surveys were conducted on 30 occasions 
from June 1982 to March 1983, 2-4 h after sunset. Each 
search occasion consisted of a five minute walk around the 
central pathway (Fig. 1), counting those cockroaches seen on 
the walk, immediately adjacent to the walk, or on the wall 
of the greenhouse. The number of adults (marked and 
unmarked) and nymphs (by category) observed were recorded on 
audio tape with a cassette recorder. 
Glass Jar Trapping. Cockroaches were trapped weekly from 
Feburary to December 1982 using ten 1 liter glass jars 
deployed along the perimeter of the room (Fig. 1). Between 
sampling occasions traps were cleaned with detergent, rinsed 
with water, and wiped with ethanol. Traps were baited with 
artificial banana oil and deployed one hour after sunset for 
a 48 h period. Cockroaches attracted to the bait climbed 
the outside of the jar and dropped into the trap. Escape 
was prevented by a thin film of petroleum jelly applied to 
the inside shoulder of the trap. To prevent water, which 
was applied daily in the greenhouse, from entering the 
traps, large petri dish covers, painted black, were 
suspended above the trap opening by 3 cm cubes of 
polyethylene foam on the rim of the jar. 
Mark-Recapture. Cockroaches were marked by attaching small 
numbered tags to the forewing. This was accomplished by 
anesthetizing the insect for ca. 2 minutes, burning a hole 
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through its tegmen with a heated probe, and sandwiching the 
hole between two 3x5mm acetate tags coated with contact 
cement. C02 was used as the anesthesia from March to mid 
* 
October 1982. Thereafter N2 was used because C02 was 
suspected of having an impact on cockroach recapture and 
mortality. Subsequent laboratory tests (Chapter I) 
indicated that C02 had no such effect. In fact, N2 was 
shown to slightly increase the rate of mortality of male P_. 
americana. Newly marked individuals were placed in jars, 
provided with food and allowed two days to recuperate from 
the effects of the marking technique prior to release. Each 
individual was then released at the same location where it 
was captured and two days were allowed for unmarked 
individuals to remix with the population before traps were 
reintroduced for a two day trapping interval. Since each 
individual had a unique mark, the degree of movement within 
the greenhouse was indicated by changes in location of 
successive captures. 
Population densities were estimated using the 
mark-recapture models of Fisher and Ford (1940) and Jolly 
(1965). Estimates were obtained for three time intervals in 
1982: 8 Feburary - 9 May, 15 May - 26 July, 26 September - 
16 December. In addition to estimating the population 
density for the entire greenhouse, cockroach density was 
estimated separately by quadrant (Fig. 1). 
33 
Removal Trapping. The removal of cockroaches from the entire 
greenhouse was performed through use of traps and, in a more 
limited area, by use of a vacuum cleaner. Because this 
method would obviously have a substantial influence on the 
population density it was only implemented at the end of the 
study. Removal through the use of glass jar traps was 
conducted on 20 occasions from January to March 1983. A set 
of 10 traps were deployed every 2 days in the same manner as 
with the mark-recapture study. Estimates of the absolute 
population density were obtained by the method of 
Kemp-Turnbull (i960) based upon the decline in the number of 
individuals captured in successive samples. Vacuum removal 
was performed on 11 occasions in Feburary 1983 with a 
canister vacuum cleaner equipped with a catch bag. Sampling 
was conducted during the afternoon and was limited to one 
specific corner of the study site situated between traps 1 
and 2, in quadrant 1 (Fig. 1) where the cockroach density 
was highest. Vacuum removal was employed to measure how 
quickly cockroaches immigrating from adjacent areas would 
reoccupy a repopulated daytime refuge. For both removal 
methods, the cockroaches collected were counted and 
classified by life stage and not returned to the 
greenhouse. 
t 
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Results 
The number of P_. amerlcana captured in glass jar traps 
dropped sharply in June 1982 and remained low until 
September (Fig. 2). In contrast, there was no such seasonal 
trend in the numbers observed in visual surveys (Fig. 2). 
In both methods however, a similar percent of marked 
individuals was sampled (26.7 trapped and 22.8 sighted). 
Mark-recapture estimation of absolute population 
density was used in an effort to resolve the discrepancy 
between visual survey and trap catch data. 
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Figure 2. (a) The number 
counted during a 
number captured in 
December 1982. 
of P_. americana adults and nymphs 
5 minute visual survey and (b) the 
glass jar traps from March 
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Since mark-recapture estimates are based upon the ratio of 
marked to unmarked individuals rather than the total number 
captured, they should not be greatly affected by seasonal 
changes in the proportion of the cockroaches actually 
trapped. Despite a high variance, the population density 
estimated by the mark-recapture models for the greenhouse as 
a whole and for individual quadrants (Table 10), were in 
general agreement, indicating that population density 
dropped significantly from a range of 500-800 during the 
spring to ca. 200 during the summer months, May-July (P < 
0.0593 for the Jolly model and P < 0.0002 for the Fisher- 
Ford method, Wilcoxon rank sum test). These results suggest 
that that the population declined during the summer months 
as indicated by trap catch as opposed to the results of the 
visual survey. 
Trap removal estimates were made at the end of the 
third time interval and were similar to those generated by 
mark-recapture models. Both methods indicated that the 
highest density occurred in the first quadrant. Data 
obtained through the use of the vacuum removal method showed 
a rapid depletion of cockroaches in that quadrant. 
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Table 10 - Mean adult population size estimated by mark- 
recapture and trap removal methods for three time intervals. 
Quadrants Sum Total 
for 
I II III IV Quads Pop 
Interval 1 
(March-May, n=12) 
Fisher-Ford 251 98 46 85 480 820 
S.D. (293) (119) (50) (58) (520) (305) 
Jolly 756 10 17 0 783 543 
S.D. (1353) (11) (18) (0) (1382) (274) 
Interval 2 
(May-July, n=ll) 
Fisher-Ford 18 5 18 18 59 226 
S.D. (24) (2) (12) (9) (47) (135) 
Jolly 90 0 0 12 102 203 
S.D. ( —) ( —) ( —) ( —) ( —) (95) 
Interval 3 
(Sept-Dec, n=ll) 
Fisher-Ford 
S.D. 
Jolly 
S.D. 
161 12 0 16 189 464 
(184) (7) (0) (12) (203) (713) 
105 0 0 4 109 373 
(99) (0) (0) (-) (99) (443) 
186 50 31 40 307 307 Trap Removal 
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Twenty days after sampling ended, an additional sample 
indicated that the area had been repopulated and the density 
had reverted to a level similar to the density at the start 
of vacuum removals (Fig. 3). "Refugia" thus appear to be 
reoccupied slowly, and it appears that movement of 
cockroaches in the greenhouse is limited. The same 
conclusion is evident from the the dispersal of marked 
individuals. The proportion of individuals recaptured 
within 4 m the site of release was significantly higher than 
the proportion recaptured in other traps (Table 11). This 
effect was still apparent 5 to 6 weeks after release. 
Discussion 
The number of cockroaches caught in traps decreased 
over the summer months, but no such trend was observed in 
visual surveys. There are various factors unrelated to 
population density that could influence the number of 
cockroaches sampled with either method. 
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SAMPLE OCCASIONS (DAYS) 
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Table 11 - Number of cockroaches recaptured per trap at 
sites near (0-2m) versus far (10-15m) from their release 
points during three time intervals after release. 
Weeks elapsed between 
and recapture 
release 
0 -2 3' -4 > 4 
Quadrant Near Far Near Far Near Far 
1 16.33 0.00 5.00 0.72 4.67 0.14 
2 5.00 0.25 1.50 0.43 1.00 0.63 
3 1.50 0.25 1.50 0.25 0.50 0.13 
4 3.33 0.86 2.67 0.29 2.33 0.57 
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The number observed In visual surveys might be influenced by 
seasonal changes in the availability of food, in the 
foraging behavior of cockroaches, or in the distribution of 
cockroaches within the greenhouse. The number of 
cockroaches captured in traps may also be influenced by 
seasonal changes in the attractiveness of the vanilla bait, 
or by seasonal changes in responsiveness to aggregation 
pheromone produced (Bell et al. 1973) by cockroaches 
already captured. These factors would influence the number 
sampled but not the ratio of marked to unmarked cockroaches 
in the sample. For this reason, mark-recapture estimates 
provide a more reliable measure of seasonal changes in 
density than either trap catch or visual survey. The 
mark-recapture estimates support the hypothesis that the 
density declined during the summer as suggested by the trap 
catch results but not by those of the visual survey. These 
findings are consistent with those of Reierson and Rust 
(1977) who found that traps were a more accurate index of 
cockroach population density than visual surveys for the 
German cockroach, Blattella germanica. It is possible this 
decrease in population density over the summer months is the 
result of a migration of cockroaches to areas of more 
favorable conditions (Howard 1895). 
The use of mark-recapture estimates, however, requires 
that certain assumptions be met (Begon 1979). A previous 
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study. Chapter 1, verified the assumptions that loss of 
marks (wing tags) was insignificant and that marking had 
little or no effect on subsequent chance of capture. 
Because females were more likely to be captured than males, 
mark-recapture density estimates were calculated separately 
by sex. However, results indicate that the movement of 
individuals of P. americana were extremely limited and that 
released individuals did not remix completely with the 
greenhouse population as is assumed when mark-recapture 
estimates are computed. This suggests that the 
mark-recapture density estimates for individual quadrants 
were more accurate than for the greenhouse as a whole. On 
the other hand, treatment of each quadrant as a separate 
subpopulation reduces the total number of marked and 
unmarked captured in each sample, with a consequent increase 
in the variance associated with the density estimates. 
Furthermore, preliminary results from simulation models 
designed to test the effect of incomplete mixing between 
subpopulations on the accuracy of Fisher -Ford or Jolly 
estimates of density suggest that the mean of these 
mark-recapture estimates remain accurate despite very 
limited movement between subpopulations (Elkinton et al. 
unpublished data). In any case, mark-recapture estimates 
for quadrants treated as separate populations, and for the 
entire greenhouse both indicate a drop in population density 
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for the summer months (Table 10). 
The recapture of cockroaches at the same location in 
the room from which they had been released even after 
several weeks suggests the possible existence of territorial 
behavior in P_. americana as described in other cockroach 
species (Ewing 1973; Gorton et al. 1979) and supported by 
the observations of agonistic behavior in this species (Bell 
and Sams 1973). The results suggest that cockroaches occupy 
a limited home range for an extended period of time. 
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CHAPTER III 
EFFECT OF AN OOTHECAL PARASITOID COMPERIA MERCETI 
(COMPERE) (HYMENOPTERA: ENCYRTIDAE) ON A POPULATION OF 
THE BROWNBANDED COCKROACH (ORTHOPTERA: BLATTELLIDAE). 
Introduction 
The brownbanded cockroach, Supella longipalpa, 
believed to be of African origin, was first reported in the 
United States at Key West, Florida (Rehn 1903). It is a 
significant urban pest throughout the United States, 
especially in the south (Back 1937, Flock 1941). S_. 
longipalpa populations are established in several buildings 
on the University of Massachusetts, Amherst campus, 
including Fernald Hall where the Department of Entomology is 
located. An uneven steam heating system in the building 
o 
results in high temperatures (25-30 C) in some rooms, 
providing favorable conditions for this species (Gould and 
Deay 1940). Because of the presence of extensive insect 
rearing facilities, no chemical control measures are 
employed. In 1978, C. merceti, an egg parasitoid specific 
to S. longipalpa (Gordh 1973), was released in the building. 
The parasitoid became established, but remained uncommon and 
had no noticeable impact on cockroach levels. 
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Previous observations in California (Slater et al. 
1980) and Hawaii (Zimmerman 1948) suggested that under some 
conditions this parasitoid could be effective in lowering 
population densities of brownbanded cockroaches. These 
studies, however, did not provide any quantification of the 
parasitoid's impact. The impact of C_. merceti is reported 
on the age structure and density of an S. longipalpa 
population in an insect rearing room over a three year 
period. 
Materials and Methods 
Estimation of S. longipalpa numbers. The S. longipalpa 
population was monitored from June 1979 to March 1983 in a 
2.4 x 5.2 m fly rearing room in Fernald Hall which was 
maintained at ca. 28° C., 50-60% RH, and constant light. 
Dead flies and rearing media initially sustained S_. 
longipalpa populations at a low density. Beginning in 
August 1981, supplemental feeding using cockroach colony 
diet modified from that of Silhacer and Miller(1972) was 
used to to create a population "outbreak" of cockroaches. 
The cockroach population was sampled repeatedly using traps 
consisting of a 3.7 liter glass jar containing colony food, 
water, and vanilla bait. Escape of trapped cockroaches was 
prevented by a barrier of petroleum jelly on the inside 
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shoulder of the jar. The outsides of the jars were cleaned 
with ethanol between sample occasions to remove grease or 
any other material that might affect the ability of the 
cockroaches to climb the jars. Ten permanent trapping 
locations were selected on the floor and laboratory benches. 
Following each sample period, traps were examined and the 
cockroaches separated into five categories: adult males, 
females, and three classes of nymphs arbitrarily defined by 
body length (large, > 10mm; medium, 5-10mm; and small, < 
5mm). The trapping intervals varied from 2-7 days, and 
catch was expressed as number of cockroaches caught per day. 
Assessment of Rate of Parasitism. Parasitoid activity was 
measured by weekly exposure of cockroach eggs from a 
laboratory colony. Ten oothecae (each containing ca. 16 
eggs) with an average age of 3.5 days, were removed weekly 
from a laboratory colony of S. longipalpa, which was 
initiated from cockroaches trapped in Fernald Hall in 1979. 
Each ootheca, naturally cemented to paper toweling, was 
collected by cutting off a 0.5 cm x 2.5 cm strip of towel 
with the ootheca attached. Each strip was fixed with 
© 
Elmer’s glue to a disk of filter paper which was then 
attached to the lids of 4 cm diameter petri dishes. This 
procedure minimized disruption of the ootheca and its 
associated cement which is believed to contain a kairomone 
that mediates host acceptance (Van Driesche, unpublished 
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data). Velcro strips were then used to attach the petri 
dishes in fixed exposure locations in the study room. The 
ten exposure sites were originally selected based upon the 
presence of oothecae naturally deposited by the field 
population. After one week of exposure in the field. 
oothecae were returned to the laboratory and reared 
individually in gelatin capsules at 25° c, 40-60% RH, with a 
16L/8D photoperiod until all parasitoids -and cockroaches had 
emerged. 
Qothecal Age and Parasitoid Preference. To verify the 
suitability of eggs of the age used in the ’’trap ootheca” 
technique, the parasitoid's preference for oothecae of 
different ages was determined. Pour oothecae of different 
age groups (0.5, 2.5, 4.5, 6.5 weeks) were placed with 
individual, newly eclosed (within 24 h) female parasitoids 
in 4 cm disposable petri dishes. Parasitoids were held at 
25°C, 40-60% RH, and 16L/8D photoperiod, provided with honey 
water solution and allowed two days to oviposit. Oothecae 
were then placed in gelatin capsules and reared as above to 
determine oviposition preference. 
Calculation•of the Qothecal Standing Crop. Female cockroach 
trap catch data were used to estimate the approximate number 
of oothecae available for parasitism (i.e. "standing crop") 
at various points during the course of the study. The 
number of female cockroaches caught per day was multiplied 
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by 0.1655, an estimate of the number of oothecae produced 
per female per day derived from Willis et al. (1958), 
yielding a relative measure of the rate of oothecal 
deposition for the population. These estimates were then 
plotted against time and an estimate of the number of 
hatched oothecae subtracted to give the standing crop of 
oothecae available at any given time for C_. merceti attack. 
The estimate of hatch was derived by shifting the curve for 
oothecal deposition by 40 days which is an estimate of the 
average number of days oothecae require to hatch (Gould 
1941). This method of measuring oothecal standing crop is 
only a rough approximation because 1) as oothecae become 
parasitized they become less acceptable for additional 
parasitoid oviposition (Van Driesche unpublished data) and 
2) parasitized oothecae persist in the population for the 
developmental time of the immature parasitoid which will 
usually differ from the portion of the cockroach 
developmental time remaining for any given ootheca at the 
moment it is parasitized. 
Estimation of Cockroach Age Structure. The age structure 
distribution of the cockroach population was derived from 
data on numbers of cockroaches trapped in glass jars at the 
study site. Three time intervals were examined. The first 
interval spanned the period from the beginning of the study 
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when parasitism was low (June 1980) until parasitism of 
"trap oothecae” reached 10% (June 1982). The second 
interval began in June 1982 and lasted 142 days, which is 
the time required for cockroach oothecae deposited at the 
beginning of the interval to mature to adults at ca. 30° C 
(Willis et al. 1958). The third interval extended from 
mid-November 1982 to the end of the study. 
Results 
Parasitoid Activity. C. merceti showed no preference for 
oothecae of different ages as measured by either the number 
of parasitoids emerging from oothecae of different ages or 
the number of oothecae parasitized (Table 12). The entire 
length of the host egg stage could thus be viewed as the 
susceptible stage for parasitoid oviposition. Consequently, 
the age of the oothecae used in the "trap ootheca" bioassay 
was appropriate for measurement of parasitoid activity. 
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Table 12 - The proportion of oothecae 
number of parasitoids emerging (S.D.) 
each age category in laboratory tests; 
parasitized, and 
from ten oothecae 
N=ll replications 
the 
of 
Age of Oothecae (weeks) 1/ 
0.5 2.5 4.5 6.5 
Mean proportion of 
oothecae that were viable 
0.7^ 
(0.14) 
0.80 
(0.16) 
0.79 
(0.14) 
0.79 
(0.13) 
Mean proportion of viable 
oothecae parasitized 
0.30 
(0.27) 
0.36 
(0.26) 
0.25 
(0.19) 
0.16 
(0.18) 
Mean no. viable 
parasitoids per ootheca 
2.31 
(2.97) 
2.34 
(1.78) 
1.93 
(1.84) 
0.89 
(1.15) 
1/ 
There was no significant difference between the treatments 
(age categories) in the proportion of oothecae parasitized 
(P = 0.624) or the number of parasitoids per ootheca (P = 
0.293) by Kruskal-Wallis non-parametric ANOVA. 
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Parasitism by C.. merceti was minimal when cockroach 
densities were low in 1980-81 (Pig. 1), and did not increase 
until supplemental feeding of cockroaches was used to 
initiate a cockroach "outbreak” in August 1981. In May 
1982, a sharp increase in the parasitism of "trap oothecae" 
was observed, reaching 100% by October 1982 and remaining 
above 90% until May 1983 when the study was ended (Pig. 1). 
Cockroach Population Dynamics. Total captures of brownbanded 
female cockroaches (10 traps) ranged from 1-13 individuals 
per day in 1980 until September 1981 (Fig. 1) when trap 
catch increased following augmentation of the food supply in 
the rearing room in August 1981. The population continued 
to increase until June 1982. Thereafter, the number of 
cockroaches per trap declined sharply to levels similar to 
the period before the initiation of supplemental feeding. 
Parasitism of "trap oothecae" was weakly correlated 
with female trap catch (Pearson’s r = .4808, P < .014). A 
stronger correlation (Pearson’s r = .7567, P < .001) existed 
between parasitism and the estimated oothecal standing crop 
(Pig. 2). 
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Figure 5. Percent parasitism of "trap oothecae" and number 
of total oothecae available for parasitoid attack in a 
fly rearing room. 
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The decrease in cockroach density that followed the 
increase in percent parasitism began with small nymphs and 
progressed through medium and large nymphs to the adult 
stage (Pig. 3 a-d) as expected for a mortality factor 
affecting the egg. This sequential decline in trap catch of 
host stages was reflected in the changing age structure of 
the captured cockroaches over three intervals of time 
(Pig. 4). During the first interval the age structure was 
that of a growing population in which the youngest age 
classes dominated. The numbers of adult S_. longipalpa 
always exceeded the numbers of large nymphs in the 
population because the average duration of the adult stage 
is longer than all the nymphal stages combined. The second 
interval exhibited an inverted age structure, characteristic 
of a declining population caused by decreased recruitment of 
young nymphs. 
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Figure 6. Numbers of brownbanded cockroach adults 
medium, and large nymphs captured per ten 
June 1980 to January 1983 in a fly rearing ro 
and small, 
traps from 
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Figure 7. Population age structure of S. longipalpa during 
three time intervals from June 1^80 to January 1983 in 
a fly rearing room. 
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During the third interval reduction in the adult population 
from natural mortality were no longer balanced by new 
recruitment and the age distribution reverted to one similar 
to that of the first interval. 
Discussion 
Our study provides the first quantitative evidence 
that C_, merceti can suppress populations of S. longipalpa. 
This conclusion is supported by both the close temporal 
conjunction between increased percent parasitism and the 
subsequent decline of cockroach population density and the 
progressive changes in age structure of the population. 
Such a progressive modification of age structure is exactly 
what would be expected when a host population with 
overlapping life stages and asynchronous generations is 
attacked by a natural enemy specific to one life stage of 
the host. 
The fact that an increase in percent parasitism of 
’’trap oothecae" followed increased oothecal density, 
suggests that the effectiveness of C_. merceti may be limited 
to high density populations. Low density populations, as 
existed in the first two years of the study, were not highly 
parasitized and thus augmentation (mass release of 
parasitoids) may be required for C_. merceti to suppress such 
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populations. Use of "trap oothecae" as an index of 
parasitism was effective and convenient. Since no 
parasitoid preference was observed between oothecae 
averaging 0.5 to 6.5 weeks of age, colony oothecae of 
indeterminant ages could be used for this purpose. This 
result contradicts the statements of Gordh (1973) and Lawson 
(1954) that this parasitoid exhibited an oviposition 
preference for specific oothecal ages. 
Difficulties in rearing and supplying live organisms 
such as this parasitoid are likely to continue to make 
insecticides the preferred control option for brownbanded 
cockroaches in many situations. Nevertheless, in some 
pesticide sensitive areas such as zoos, pet stores, animal 
rearing facilities, and pesticide residue analysis 
laboratories, biological control using C_. merceti would be 
feasible and may be advantagous. 
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